INTRODUCTION
This unit describes the design, setup, and realization of BiFC-TALE system (Hu et al., 2017) using two split BiFC fluorescent proteins-mVenus and mCerulean-for live-cell labeling of telomere and centromeric alpha-satellite sequences (Fig. 1A, 1C and 1D). TALEs (transcription activator-like effectors) are proteins that were originally discovered in the plant-pathogenic bacterium Xanthomonas. These proteins can specifically bind to target DNA sequences (Boch et al., 2009) . BiFC (bimolecular fluorescence complementation) is based on the structural complementation between two non-fluorescent N-terminal and C-terminal fragments of a fluorescent protein (Shyu, Liu, Deng, & Hu, 2006) . Combining BiFC with TALEs, we developed BiFC-TALE, a new genomic labeling method. Upper: telomeres are labeled in interphase HeLa cells by BiFC-TALE (yellow), with nuclei stained with H2B-RFP (red). Lower: centromeres are labeled in mitotic-phase HeLa cells by BiFC-TALE (cyan), with nuclei stained with H2B-RFP (red). Scale bars, 10 μm.
BASIC PROTOCOL 1

GENERATION OF BIFC-TALE BACKBONE PLASMIDS AND SEQUENCE-TARGETED BIFC-TALE PLASMID PAIRS
To establish the BiFC-TALE system, we labeled human cell telomeres and centromeres, sequences of which are both composed of long repetitive tracts (Moyzis et al., 1988) . For telomere labeling, we used the C-terminal fragment (VC155) and the N-terminal fragment (VN173) split from mVenus fluorescent protein. For centromeric alpha-satellite labeling, Replacement of FokI with BiFC fragments 5'-TAGG GTTA GGGT TAGG-3' (Targeted sequence of BiFC-TALE-L1) Selection of primers and templates / PCR amplification for TALE arrays we used the C-terminal fragment (CC155) and the N-terminal fragment (CrN173) split from mCerulean fluorescent protein (Kodama & Hu, 2012) .
The general construction procedures include replacement of the FokI gene with BiFC fragments to obtain the BiFC-TALE backbone plasmids ( Fig. 1B and 2A) , design of the TALE modules according to sequences of interest, and assembly of the TALE modules onto the backbone plasmid for targeting sequences (Fig. 1C and 2B ). Additional reagents and equipment for agarose gel electrophoresis (Voytas, 2000) 
Materials
Construction of BiFC-TALE system backbone plasmids
Based on the backbone of pGL3-TALEN vector, the BiFC-TALE backbone plasmids are generated by replacing the FokI gene with each of the non-fluorescent BiFC fluorescent fragments (see sequences below). We use the pmVenus-C1 and pmCerulean-C1 plasmids as PCR templates to amplify the VN173/VC155 and CrN173/CC155 fragments, respectively. To afford split fluorescent protein fragments sufficient freedom to combine with each other, 2 × GGGGS is used as the linker between TALEs and non-fluorescent BiFC fragments. 
Construction of designed TALE array in BiFC-TALE backbone plasmids PCR amplification
1. Based on 16-bp length target sequences shown in Table 3 , we select templates from 512 TALE tetramers (Yang et al., 2016) and primers (Table 1) for the PCR reaction.
For each targeting sequence (16-bp length), four TALE tetramer templates are used as templates to amplify four related TALE arrays. For example, the BiFC-TALE-L1 TALE arrays should be "TAGG" (#1), "GTTA" (#2), "GGGT" (#3) and "TAGG" Golden Gate method to assembly the TALE arrays of targeting sequences and transformation 6. Mix the purified PCR fragments with the following in one tube:
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Current Protocols in Cell Biology 8. Transform 5 μl product into 50 μl Trans1-T1 competent cells by heat shock using an ice bath for 30 min, a 42°C water bath at for 90 sec, and the ice bath again for 5 min, and plate onto LB agar medium with 100 µg/ml ampicillin.
Validation of TALE clones
9. Perform colony validation using the following PCR reaction:
Colony template (pick a colony using a 10-μl pipette) TAL-F primer (10 µM, 0.2 µl) TAL-R primer (10 µM, 0.2 µl) 2 × Easymix Taq enzyme (5 µl) Distilled, deionized dH 2 O to a total volume of 10 µl.
10. Perform PCR reaction as follows: Examine the size of PCR products by agarose gel electrophoresis (Voytas, 2000;  ß1.6 kb).
11. Sequence the TALE constructs using TAL-F and TAL-R primers ( Table 2) .
BASIC PROTOCOL 2
TRANSFECTION OF BIFC-TALE PLASMIDS TO LIVE MAMMALIAN CELLS, IMAGING AND VALIDATION
Following the construction of BiFC-TALE plasmids, these sequence-specific targeting plasmids will be transfected to live cells for genomic loci labeling.
Materials
Cell lines: cell lines that not only adhere well but also have high transfection efficiency e.g., HeLa, MDA-MB-231, and human retinal pigment epithelium (RPE) cells Culture medium components (Life Technologies): Dulbecco's modified Eagle's medium (DMEM) DMEM/F12 with GlutaMAX1 Fetal bovine serum (FBS) Penicillin/streptomycin BiFC-TALE plasmid pairs: mVenus-based BiFC-TALE-L1/R1 pair for telomere labeling and mCerulean-based BiFC-TALE-L6/R6 pair for alpha-satellite labeling (see Table 3 ; these plasmids have been cloned with designed TALE modules for target sequence labeling) H2B-RFP plasmid (available from authors' laboratory) FuGENE R HD transfection reagent (Promega) 4% paraformaldehyde (PFA) Phosphate-buffered saline (PBS; Solarbio, #P1022-500) 0.5% NP-40 (see recipe) SSC buffer (Sigma, #S6639-1L) 100 µg/ml RNase A (see recipe) 75%, 85%, and 100% ethanol 70% formamide (see recipe) Extraction buffer (see recipe) Blocking buffer (see recipe) Human anti-CREST antibodies (Antibodies Incorporated, #15-235-F) 1× PBS containing 5% bovine serum albumin (BSA; Jackson, #001-000-162) Secondary antibody: Cy5 Mono-Reactive Dye Pack (GE Healthcare, #PA25001) 100-mm cell-culture dishes (Corning) 35-mm glass-bottomed dishes (Nest) Inverted TiE microscope (Nikon) UltraVIEW VOX system spinning disc (PerkinElmer) EMCCD camera (Hamamatasu, C9100-13)
Cell culture
HeLa and MDA-MB-231 cells are maintained in DMEM containing 10% FBS and 1× penicillin/streptomycin. Human RPE cells are maintained in DMEM/F12 with Gluta-MAX1, 10% FBS, and 1× penicillin/streptomycin. All cells are maintained at 37°C and 5% CO 2 in a humidified incubator.
Plasmid transfection
1. Seed ß2 × 10 5 cells on each 35-mm glass-bottomed dishes for each combination of BiFC-TALE plasmid pairs.
2. After growing overnight, the adherent cells in the glass dishes are approximately 50% to 80% confluent on the day of transfection. Use transfection reagent FuGENE R HD following the manufacturer's recommended protocol to introduce 1 μg of each combination of BiFC-TALE plasmid pair into the cells in each dish. We include positive control dishes in which the full-length fluorescent protein is expressed, as well as negative control dishes in which only one plasmid from each BiFC-TALE pair is expressed. Also, H2B-RFP plasmid is co-transfected to show the nuclei.
3. Use a spinning-disc confocal microscope to detect expression of plasmids 16 to 48 hr after transfection.
Image acquisition
Following the transfection process, we use an inverted TiE microscope attached to an UltraVIEW VOX system spinning disc with an EMCCD camera to capture the images of labeled cells. First, the 35-mm glass-bottomed dishes are placed in the microscope stage incubation chamber, maintained at 37°C and 5% CO 2 . For imaging, mVenus, mCerulean, and RFP channels are excited with 514-nm (25 mW), 440-nm (40 mW), and 561 nm (50 mW) lasers, respectively. Next, an 8-μm z-stack of all channels with a step size of 0.4 μm is acquired for all images.
FISH for validation 4. Fix the BiFC-TALE labeled cells with 4% PFA, and then wash three times with 1× PBS for 5 min.
5. Permeabilize the cells with 0.5% NP-40 in 1× PBS for 30 min and wash with 2× SSC buffer.
6. Incubate the cells with 100 μg/ml RNase A at 37°C for 1 hr and then wash with 2× SSC buffer.
7. Dehydrate the cells with 70% ethanol for 5 min, 85% ethanol for 5 min, and 100% ethanol for 5 min.
8. Denature the cells with 70% formamide in 2× SSC buffer at 80°C for 10 min.
Immunofluorescence for validation 9. Wash the BiFC-TALE-labeled cells twice with 1× PBS, and then incubate twice with extraction buffer, each time for 30 sec, to extract diffuse cytoplasmic proteins.
10. Wash the cells with 1× PBS, then fix with 4% PFA for 15 min at room temperature.
11. Incubate cells in blocking buffer (0.3% Triton X-100 and 5% BSA in 1× PBS) for 30 min and then stain them with human anti-CREST antibodies in 1× PBS containing 5% BSA overnight.
12. Wash cells with 1× PBS and then stain with Cy5-labeled secondary antibodies in blocking buffer for 1 hr. Wash the labeled cells with 1× PBS, and post-fix with 4% PFA for 10 min at room temperature before imaging. 
REAGENTS AND SOLUTIONS
COMMENTARY
Background Information
The structure of the mammalian genome is complicated and well organized, and disruption of its order can lead to human diseases. To study the spatiotemporal organization of chromosomes, many tools have been developed for the visualization of specific genomic loci, with each of them having different shortcomings.
For example, although fluorescence in situ hybridization (FISH) is a widely used method to label specific genomic loci, the DNA denaturation and fixation involved make it incompatible with live-cell imaging. Recently, several promising strategies have been developed based on genetically engineered protein modules that recognize specific DNA sequences of chromosome with full-length fluorescent proteins, e.g., the TALE (Thanisch et al., 2014) and CRIPSR/Cas9 (Shao et al., 2016) imaging systems. However, since they utilize fulllength fluorescent proteins, the diffusing fluorescent probes will cause high background fluorescence.
To increase the SBR of imaging for ultrasensitive detection, we employ the BiFC technique with TALE for development of new labeling tools for genomic loci.
Critical Parameters
For visualization of loci with the BiFC-TALE system, the recommended spacer length within the BiFC-TALE-L/R pair would be ß15 to 17 bp (Hu et al., 2017) .
Troubleshooting
To label specific sequences, >5 pairs of BiFC-TALE modules should be designed with commonly used TALE design tools, like TALE-NT 2.0 and SAPTA, for high DNA binding affinity.
Statistical Analyses
SBR calculation
Background and signal intensities are quantified using ImageJ, and then the signal-tobackground ratio (SBR) is calculated as follows: SBR = (I -B)/B, where I is the intensity of the area of interest (puncta labeled) and B is the intensity of the background signal. To be specific, we first measure the intensity of puncta and then choose five points around it as the background. The average intensity of these five points is calculated as the intensity of the background signal.
FISH images analysis
Since HeLa cells will become somewhat shrunken after FISH procedure, we use the Registering an Image:: Imaging Registration (Image Processing Toolbox) from MatLab to align the images, following the recommended procedure. This imaging tool can help overcome issues such as image rotation, scale, and skew, which are common when overlaying images. Following this, co-localization of telomere BiFC-TALE and telomere FISH images is analyzed.
Co-localization analysis
Images of a z-stack are projected into a 2D image by maximum intensity projection and then converted into 8-bit images. For each channel image, we first choose the menu item "Analyze-Analyze Particles" to set an appropriate threshold and count puncta numbers. Co-localization analysis is carried out with the ImageJ plugin "colocalization" with threshold obtained in the first step. More than 50% overlay of puncta from the two channels is identified as co-localization.
Understanding Results
For images of specific sequence labeling in live mammalian cells, the visualized puncta should be clear and distinct from the background. It is quite normal that the number of puncta detected in different cells will be variable and less than the theoretical number, which is estimated according to the copy number of the targeted sequences in certain cell lines. It is also possible that the BiFC-TALE system fails for some sequences because of their complicated structures in chromosomes.
Time Considerations
Relative to BiFC-TALE plasmid preparation, designing targeted sequences and primers required 1 full day and plasmid construction needs 5 to 7 days, including sequencing validation. Cell culture and plasmids transfection requires 3 days, with another 2 to 3 days for image acquisition and analysis. Subsequent validation of FISH or immunofluorescence will need 2 more days.
